The clinical presentation of alcoholic hepatitis (AH) can be mimicked by other alcoholic liver diseases. The aim of this study was to identify clinical features that predict AH on liver biopsy. Biopsies from patients hospitalized for presumed severe AH were used to identify a derivation cohort (101 patients) and validation cohort (71 patients). Using histologic scores for hepatocyte ballooning, Mallory-Denk bodies, and lobular inflammation, 95 patient biopsies (55%) were classified as definite AH, 55 (32%) as possible AH, and 22 (13%) as no AH. Survival was similar among the groups, but mortality was significantly increased for patients with fatty change £ 50% on initial liver biopsy. An analysis limited to uninfected patients with definite AH or no AH in the derivation cohort identified a greater leukocyte count at admission and radiographic evidence of liver surface nodularity as independent predictors of definite AH on biopsy (P < 0.05). In the derivation cohort, the leukocyte count thresholds for ensuring 100% specificity for diagnosing definite AH were 10 3 10 9 /L if the liver surface was nodular and 14 3 10 9 /L if the liver surface was smooth, with a sensitivity of 76% and an area under the receiver operator characteristic curve of 0.88. In the validation cohort, these thresholds had a specificity of 86%, a sensitivity of 59%, and an area under the receiver operator characteristic curve of 0.72. Conclusion: The combination of an elevated leukocyte count and a nodular liver surface in the absence of active infection retrospectively identified patients with a high likelihood of histologic AH for whom liver biopsy may not be necessary. For patients with suspected severe AH who do not fulfill these criteria, liver biopsy is important to exclude other variants of alcoholic liver disease.
Introduction
A lcoholic hepatitis (AH) is a major cause of short-term morbidity and mortality among heavy drinkers. (1) Liver biopsy remains the gold standard for the definitive diagnosis of AH, (2) defined histologically by the presence of neutrophilic lobular inflammation and hepatocyte degeneration (ballooning and Mallory-Denk bodies) in a background of steatosis and "chicken-wire" fibrosis. (3) However, biopsy is not routinely recommended because of its associated risks, costs, and lack of availability in many communities. (4) In the absence of histology, AH may be overdiagnosed in 25%-50% of alcoholic patients who have jaundice due to other acute or acute-on-chronic patterns of liver injury. (5) (6) (7) Misdiagnosis potentially leads to unwarranted treatment and increases the risk of type II error in clinical studies. (8) A recent expert consensus statement recommended confirmatory biopsy for patients being considered for inclusion in AH clinical trials if they have "potential confounding factors," such as possible drug-induced liver injury, ischemic hepatitis, or "atypical laboratory tests." (9) The statement did not address the potential role of biopsy in differentiating between AH and non-necroinflammatory variants of acute alcoholic liver injury, specifically alcoholic foamy degeneration, alcoholic fatty liver with jaundice, and acute-on-chronic liver injury due to other causes. (10) Distinguishing between AH and other histologic phenotypes of alcoholrelated liver disease was recently identified as a major gap in knowledge and research priority. (11) The primary aim of this study was to identify clinical predictors of histologically confirmed AH and to use these to develop and validate a clinical model capable of differentiating histologic AH from other forms of alcoholic liver disease. Secondary aims of this study were to (i) describe the spectrum of histologic findings in patients with alcoholic liver disease with jaundice, (ii) compare the outcomes of patients with histologic AH to those of patients without necroinflammation or with only focal histologic findings of AH, and (iii) validate the prognostic use of the alcoholic hepatitis histologic score (AHHS). (12) Patients and Methods
PATIENTS AND PROCEDURES
The study population consisted of all patients who were biopsied due to clinical suspicion for AH while admitted to a large, urban, academic hospital. During the years of this study, standard practice at the hospital for patients with a clinical diagnosis of severe AH (except those who were critically ill in the intensive care unit) was to perform liver biopsy for histologic confirmation. We selected two time periods for the purpose of constructing two data sets to develop and validate a prediction model. The model derivation data set included patients admitted between 2008 and 2013. The model validation data set included patients admitted in 2014 and 2015. Both patient cohorts were identified by performing a retrospective search of the hospital's pathology database to identify patients with a histologic diagnosis of alcoholic liver disease. Inclusion criteria were (1) chronic alcoholism with active or recent excessive alcohol consumption; (2) recent onset of jaundice (<3 months) before hospitalization with a total bilirubin of at least 5 mg/dL either at admission or at the date of liver biopsy; and (3) severe alcoholic liver disease either at admission or at the date of liver biopsy defined by a Maddrey's discriminant function (DF) (13) of at least 32. Biopsy specimens were excluded if they were insufficient for evaluation or were obtained at autopsy, intraoperatively, during placement of a transjugular intrahepatic portosystemic shunt, during targeted biopsy of a liver mass, more than 14 days after admission, or more than 7 days after receiving systemic corticosteroids. Also excluded were patients who had previously been included in the study based on an earlier biopsy and those with human immunodeficiency virus or any nonalcoholic, non-hepatitis C causes of liver disease. The Institutional Review Board of the University of Southern California approved this study.
Treatment decisions were at the discretion of the attending physicians. In general, patients with histologically confirmed severe AH were treated with prednisone or prednisolone 40 mg/day orally, unless contraindicated. In all patients, infection was screened at admission by chest x-ray, urine and blood cultures, and paracentesis if ascites was present. Corticosteroids were initiated at least 48 hours after identified infections were controlled. The Lille score (14) was assessed after 7 days, and corticosteroids were withdrawn in nonresponders. Patients with a response to corticosteroids based on a Lille score <0.45 completed a 28-day course of corticosteroids, with or without a subsequent 4-week taper period. For any patients treated empirically prior to liver biopsy, treatment was discontinued if AH was not confirmed histologically. Clinical complications, including ascites, spontaneous bacterial peritonitis, renal dysfunction, hepatic encephalopathy, and gastrointestinal hemorrhage, were treated according to current guidelines.
HISTOLOGIC DATA AND DEFINITIONS
Liver specimens were formalin fixed and paraffin embedded. Prepared 3-lm slides were stained with hematoxylin and eosin, Masson's trichrome, reticulin silver, diastase-digested periodic acid-schiff, and Perl's iron stains. The median biopsy length was 18 mm (interquartile range, 14-23 mm).
Liver specimens were prospectively reviewed by an expert liver pathologist (G.K.) who was blinded to clinical, laboratory, and radiologic data. A detailed histologic analysis of each specimen was performed, and 21 histologic features were scored (Supporting Table  S1 ). The histologic scores were then used to categorize patients as having "definite AH," "possible AH," or "no AH." Definite AH was defined by the presence of (a) at least mild/focal (11) lobular inflammation and (b) hepatocyte degeneration evidenced by moderate/ marked (21) hepatocyte ballooning, easily seen (21) Mallory-Denk bodies, or both (detailed in Supporting Methods). No AH was defined by (a) absent or mild/ focal (11) lobular inflammation, (b) absent hepatocyte ballooning, and (c) absent Mallory-Denk bodies. Patients not meeting these criteria for either definite AH or no AH were classified as having possible AH. Illustrative examples of patients in each of the three histologic groups are shown in Fig. 1 . The histologic scores were also used to calculate each patient's AHHS (12) to validate its prognostic use. Megamitochondria were rarely seen in specimens and not scored or included in the AHHS calculations.
To assess the reliability of the subjective histologic scores, biopsy specimens for patients in the derivation cohort were independently scored by two additional expert liver pathologists (S.G. and S.W.F.). In addition, a separate histologic analysis using digital morphometrics (detailed in Supporting Methods) was performed to collect quantitative data for fatty change, sinusoidal collagen, and Mallory-Denk bodies for comparison to their respective histologic scores.
CLINICAL DATA AND OUTCOMES
Demographic, clinical, laboratory, radiologic, and treatment data were retrospectively collected by detailed and systematic review of patients' medical records. Although all included patients had active or recent excessive alcohol consumption by history, data regarding patients' amount of alcohol consumption daily or weekly were not consistently recorded in the medical records and not collected. Laboratory data were used to calculate the following disease severity scores: DF and model for end-stage liver disease (MELD) (15) ; age, serum bilirubin, international normalized ratio, and serum creatinine (ABIC) (16) ; and Glasgow alcoholic hepatitis (GAH) scores. (17) Radiologic data were abstracted from ultrasonographic images or, if not available, from computed tomography. Radiologic data were set to missing for patients that did not have an imaging study performed within 30 days before or after the hospitalization when liver biopsy was obtained.
For patients in the derivation cohort, outcomes data were collected regarding in-hospital development of liver-related complications, liver transplantation, and mortality. Data on hospitalizations or outpatient follow-up outside our health care network were not available for review. Therefore, in order to assess survival, linkage of the derivation cohort to the Center for Disease Control National Death Index (a nationwide vital statistics database) was performed to identify all deaths occurring through December 31, 2013. Patients in the validation cohort were not included in outcomes analyses because when we conducted the analyses, National Death Index records were not yet available for those years.
STATISTICAL ANALYSIS
Categorical variables are summarized by percentages, and continuous variables are summarized by medians and interquartile ranges. Comparisons between groups were performed using chi-squared tests for categorical variables and Kruskal-Wallis rank-sum tests for continuous variables.
The derivation cohort was used to develop a model for clinical prediction of biopsy-proven AH. The validation cohort was used to validate the model. Analyses for model derivation and validation excluded patients classified as possible AH and those with active infection at admission or prior to the date of biopsy. Candidate predictors were age, sex, ethnicity, admission serum laboratory parameters (leukocyte count, neutrophils, lymphocytes, monocytes, platelet count, creatinine, alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, total protein, albumin, globulins, total bilirubin, and international normalized ratio), radiologic features (liver surface nodularity, hepatomegaly defined as 16 cm, splenomegaly defined as 13 cm, ascites, portosystemic collaterals, and portal vein thrombosis), and disease severity scores (DF, MELD score, ABIC score, and GAH score) at admission. To avoid the influence of patients' treatments with antibiotics, corticosteroids, or other medications, laboratory parameters from the date of biopsy or temporal changes in laboratory parameters were not used as candidate predictors. Predictors that were significant (P < 0.1) in univariate logistic regression analyses were included in a multivariate logistic regression model and eliminated using backward stepwise elimination. Akaike's information criterion was computed to select the most robust predictors. For the final selected predictors, the area under the receiver operating characteristic curve (AUROC) was computed to determine the diagnostic accuracy of the predictive model. Thresholds were selected that maximized Youden's index (the sum of the sensitivity and specificity) by using the CUTPT program written for STATA. (18) To reliably identify patients with AH without the need for liver biopsy, thresholds maximizing only specificity were also identified. The sensitivity, specificity, positive predictive value, negative predictive value, percent correctly classified, and likelihood ratios were computed for the selected thresholds.
Reliability of the histologic scores was assessed by correlating scores with digital morphometrics data using linear regression models and by assessing interobserver agreement for the scores by computing twoway, mixed, consistency, single-measures intraclass correlations. (19) Finally, for exploratory survival analyses within the derivation cohort, we used Cox proportional hazard regression models to account for varying lengths of follow-up. Time at risk was from the date of admission to the date of death or censoring. Patients lost to follow-up were censored as alive on the date of the last known clinic or hospital follow-up.
All confidence intervals (CIs), significance tests, and resulting P values were two-sided with an alpha level 
Results

CHARACTERISTICS OF PARTICIPANTS
A total of 172 patients met criteria for inclusion in the study (101 in the derivation cohort and 71 in the validation cohort). Biopsies were obtained a median of 6 days after admission (range, 1-14 days) by transjugular (85%) or percutaneous (15%) approaches. The median age of patients was 45 years (range, 22-68 years), with a predominance of men (76%) and Hispanic patients (83%). Eight (5%) of the patients had chronic hepatitis C infection with detectable virus in peripheral blood; none received antiviral therapy during or near the dates of hospitalization. Severe disease (DF 32) was present at admission in 158 patients (92%) and at the date of liver biopsy in 14 patients (8%). The clinical, laboratory, and radiologic features of the included patients are summarized in Table 1 . Baseline characteristics were similar for patients assigned to the derivation and validation cohorts. In the derivation cohort, 34 patients (34%) were exposed to presumptive corticosteroid treatment prior to liver biopsy compared to only 3 patients (4%) in the validation cohort.
HISTOLOGIC SCORES AND DIAGNOSTIC CLASSIFICATION
Using the histologic scores for hepatocyte ballooning, Mallory-Denk bodies, and lobular inflammation, 95 patients (55%) met criteria for definite AH: 54 (53%) in the derivation cohort and 41 (58%) in the validation cohort. Eleven patients in each cohort (11% of the derivation cohort, 15% of the validation cohort, and 13% overall) had no evidence of AH based on histologic scores. The remaining 55 patients (32%) had possible AH, of whom 54 patients had mild to moderate (1-21) lobular inflammation in combination with focal (11) hepatocyte ballooning and/or rare (11) Mallory-Denk bodies. One patient in the derivation cohort had possible AH with moderate (21) lobular inflammation but without evidence of hepatocyte degeneration. Similar proportions of patients in each diagnostic group were exposed to presumptive corticosteroid treatment prior to biopsy (23% of patients with definite AH, 25% of patients with possible AH, and 5% of patients with no AH; P 5 0.11).
Histologic features according to patients' diagnostic classification are summarized in Table 2 . All patients had at least mild portal fibrosis, and a majority (61%) had cirrhosis. Compared to patients without AH, patients with definite AH had more advanced portal fibrosis (P 5 0.04) and more sinusoidal collagen (P 5 0.001). Lobular inflammation tended to be predominantly neutrophils in patients with definite AH (76%) and predominantly lymphocytes or mixed in patients with possible or no AH (59% and 60%, respectively, P < 0.001). Satellitosis was absent in all the patients without AH. Fatty change was seen in all but 1 patient and affected at least 25% of hepatocytes in more than half of patients in each diagnostic group. However, patients without AH were more likely to have 41 fatty change (68%) and microvesicular or mixed-type fat (32%) than patients with definite AH (20% with 41 fatty change, P < 0.001; 6% with microvesicular or mixed fat, P 5 0.002). The distributions of histologic features were similar for patients in the derivation and validation cohorts (Supporting Table S2 ).
MODEL DERIVATION FOR PREDICTING HISTOLOGIC AH
Prediction models excluded patients classified as having possible AH (36 in the derivation cohort and 19 in the validation cohort) whose diagnosis was uncertain. Models also excluded patients with definite AH or no AH but who had active infection at admission or prior to the date of biopsy (13 in the derivation cohort and 10 in the validation cohort).
In order to develop a model for predicting histologic AH, we compared the clinical features of 44 uninfected patients with definite AH and 8 uninfected patients without AH in the derivation cohort (Table  3 ). Disease severity scores were similar in both groups. The patients with definite AH had a higher median leukocyte count (13.6 3 10 9 /L versus 9.6 3 10 9 /L; Kruskal-Wallis, P 5 0.01), lower median aspartate aminotransferase (158 versus 236 U/L; KruskalWallis, P 5 0.003), and lower median alanine aminotransferase (48 versus 74 U/L; Kruskal-Wallis, P 5 0.04) at admission. Radiologic evidence of liver surface nodularity was more common among uninfected patients with definite AH (83% versus 50%; chisquared, P 5 0.04). Higher peripheral blood leukocyte or neutrophil counts were not indicative of more recent alcohol consumption (Supporting Fig. S1 ). A nodular liver surface was present for each of the 25 uninfected patients with histologic evidence of cirrhosis (22 patients with definite AH and 3 patients without AH), as well as for 14 uninfected patients with F1-F3 portal fibrosis (13 patients with definite AH and 1 patient without AH). In the full derivation cohort (including infected patients and those with possible AH), liver surface nodularity was 98% sensitive and 35% specific for having histologic cirrhosis.
In multivariate analysis, only admission leukocyte count and liver surface nodularity were independent predictors of histologic AH. The AUROC of the model that included only the leukocyte count was 0.81 but improved to 0.88 with the addition of liver surface ] 3 100. We identified a risk score threshold of 1.76 as maximizing Youden's index (the sum of the model's sensitivity and specificity) as well as ensuring 100% specificity for the diagnosis of AH.
For practical applications as an alternative to the risk score-based model, a simplified stratified model using Data are expressed as n (%). P values for statistical significance were calculated using chi-squared tests. *Used for histologic classifications. Definite AH was defined by the presence of (a) 1-31 lobular inflammation and (b) 21 hepatocyte ballooning or 2-31 Mallory-Denk bodies. No AH was defined by (a) 0-11 lobular inflammation, (b) absent hepatocyte ballooning, and (c) absent Mallory-Denk bodies. Patients not meeting these criteria for definite AH or no AH were classified as possible AH. † Missing data for 6 patients (4 in the derivation cohort and 2 in the validation cohort) due to iron stain being inadequate or unavailable. Abbreviation: PT, portal tract.
separate leukocyte count thresholds for patients with and without liver surface nodularity was created. Leukocyte count thresholds of 10 3 10 9 /L and 14 3 10 9 /L for patients with and without liver surface nodularity, respectively, maximized Youden's index (the sum of the model's sensitivity and specificity) and ensured 100% specificity for diagnosis of AH in the derivation cohort. The sensitivities of these thresholds were 79% and 75% in patients with and without liver surface nodularity, respectively. There were no low Quantitative data are expressed as median (25%-75% quartiles). Magnitude and significance of associations were calculated using univariate logistic regression models. *Missing data for 2 patients with definite AH in the validation cohort. † Missing data for 3 patients with definite AH in the derivation cohort and 1 patient with definite AH in the validation cohort. Abbreviation: OR, odds ratio. 
PERFORMANCE AND VALIDATION OF THE MODELS
The predictive performance of the multivariate (score-based) model and the stratified model was evaluated in the derivation and validation cohorts using the optimal thresholds identified above (Table 5 ; Fig. 2 ). The models had similar performance in the derivation cohort and equal performance in the validation cohort. The AUROC of the models in the validation cohort was 0.72 (95% CI, 0.56-0.89). Among uninfected patients in the validation cohort, the predictive models correctly classified 86% of patients without AH and 59% of patients with definite AH. Only 1 patient without AH based on histologic scores was incorrectly predicted to have AH based on the predictive models. That patient had been originally diagnosed as having AH and cirrhosis based on the pathology report generated during hospitalization. In a second unblinded review of the patient's biopsy slides, it was determined that Mallory-Denk bodies had been underscored, resulting in an incorrect classification of no AH. Using the stratified model, a proposed diagnostic algorithm for patients suspected of having AH was developed (Fig. 3) . The algorithm identified 43% of patients in the entire study population as having AH based on clinical criteria alone, including 20 of the 55 patients (36%) who were initially classified as having possible AH based on biopsy. Using this algorithm would have avoided liver biopsy in 43% of the study patients.
RELIABILITY OF THE HISTOLOGIC CLASSIFICATION AND SCORES (DERIVATION COHORT)
Analysis of the interobserver agreement for histologic scores among three liver pathologists showed excellent agreement for the degree of fatty change (intraclass correlation coefficient [ICC], 0.89; 95% CI, 0.85-0.92), good agreement for the stage of portal fibrosis (ICC, 0.60; 95% CI, 0.49-0.69), degree of lobular inflammation (ICC, 0.65; 95% CI, 0.55-0.73), and presence of Mallory-Denk bodies (ICC, 0.68; 95% CI, 0.59-0.76) and fair agreement for the presence of hepatocyte ballooning (ICC, 0.40; 95% CI, 0.27-0.52). The histologic scores from our main study pathologist for Mallory-Denk bodies, degree of fatty change, and sinusoidal collagen were strongly correlated with the respective quantitative measurements of those features obtained through digital morphometrics (Supporting Fig. S2 ). Histologic scores for the degree of lobular inflammation were strongly correlated with peripheral blood leukocyte and neutrophil counts at admission (Supporting Fig. S3 ).
For the diagnostic groups defined based on the histologic scores for patients in the derivation cohort, there was fair agreement among the three pathologists (ICC, 0.48; 95% CI, 0.36-0.59) and excellent agreement with a diagnosis of AH or its absence from the original pathology reports during hospitalization (ICC excluding patients with possible AH, 0.90; 95% CI, 0.84-0.94). Of the 11 patients in the derivation cohort classified based on histologic scores as having no AH, only 1 had been originally diagnosed as having AH and cirrhosis. Six patients had alcoholic foamy degeneration (including 2 patients with concomitant cirrhosis). The other 4 patients had alcoholic fatty liver with jaundice (including 3 patients with cirrhosis).
TREATMENT AND OUTCOMES (DERIVATION COHORT)
Almost three quarters (74%) of patients in the derivation cohort were treated with corticosteroids. Compared to patients with possible or no AH, patients with definite AH were more likely to have received steroids (85% versus 67% versus 45%, respectively; P 5 0.01) and to have had a treatment duration of at least 7 days (81% versus 44% versus 27%, respectively; P < 0.001). Among those who received treatment with corticosteroids for at least 7 days, 9 of 44 (20%) patients with definite AH and 4 of 16 (25%) patients with possible AH were Lille responders. During hospitalization, the proportions of patients who experienced liver-related complications were similar for the three groups (Supporting Table S3 ).
Patients in the derivation cohort had follow-up for a median of 149 days (interquartile range, 37-570 days) after admission. One patient, classified as having definite AH, underwent liver transplantation 139 days after admission. Short-term (60-day) survival was 72%, and long-term (180-day) survival was 65%. There were no significant differences in survival between the three diagnostic groups (Supporting Fig. S4 ) in univariate models or after adjustment for confounders (adjusted hazard ratio for possible AH versus definite AH, 1.05; 95% CI, 0.51-2.13; P 5 0.90; adjusted hazard ratio for no AH versus definite AH, 1.32; 95% CI, 0.36-4.75; P 5 0.67). No deaths occurred within the first 30 days after admission among patients without AH.
In univariate models among patients with definite or possible AH, age, admission levels of serum creatinine and international normalized ratio, and laboratorybased disease severity scores at admission were predictive of mortality (Supporting Table S4 ). Mortality was not predicted by the AHHS (Supporting Fig. S5 ) or by the histologic scores from which it was calculated (Supporting Table S5 ). However, after adjustment for the ABIC score, mortality was independently predicted by the degree of fatty change seen histologically (Supporting Fig. S6) , with a 2.4 times higher risk of mortality at 180 days for patients with 50% fatty change compared to patients with >50% fatty change (adjusted 95% CI, 1.14-4.92; P 5 0.02).
Discussion
The need for liver biopsy in the evaluation of patients with AH is controversial. (4) In this study, biopsy revealed a different diagnosis in 13% of patients with a clinical diagnosis of severe AH. This proportion, while lower than reported, (5) (6) (7) nonetheless highlights the important role of liver biopsy in distinguishing AH from other causes of acute-onchronic liver injury in heavy drinkers. (10) We evaluated the relationships of clinical parameters and obtained histology in a large cohort of patients with clinically apparent severe AH. Results were used to develop and validate a novel model that can be used to noninvasively diagnose AH with near-perfect specificity. Application of this simple model would obviate the need for liver biopsy in more than a third of patients. The model has similar performance to other noninvasive methods to diagnose AH, including the AshTest (20, 21) and the recently proposed measurement of circulating fragments of cytokeratin-18.
(7) Unlike those models, our model uses only two simple components, initial serum leukocyte count and ultrasonographic evidence of a nodular liver surface, which are routinely included in the evaluation of patients with jaundice and abnormal liver tests. Our algorithm is a pragmatic approach to diagnosing AH and avoiding universal liver biopsy until new biomarkers become widely available.
Leukocytosis in patients without active infection was highly specific for AH and correlated with the degree of hepatic lobular inflammation. These findings are consistent with prior reports of leukocytosis being more prevalent among patients with biopsy-proven AH than among patients with alcoholic foamy degeneration (22) or alcoholic cirrhosis alone. (6) Leukocytosis reflects activation of innate immunity and is one of the criteria for the presence of the systemic inflammatory response syndrome, which is present in almost half of patients with AH and predicts development of multiple organ failure and death. (23, 24) In contrast, leukocytosis and hepatic neutrophil infiltration may predict a good prognosis for treated patients with AH, (12, 25) possibly by promoting liver regeneration. (26) In our study, we were unable confirm prognostic roles for leukocytosis or hepatic lobular inflammation. These associations may have been biased toward the null due to higher rates of corticosteroid treatment in studied patients with marked leukocytosis or prominent hepatic inflammation. Although it has been suggested that elevated circulating levels of neutrophils are an indicator of more recent alcohol consumption, (27) we did not observe an inverse correlation between preadmission duration of alcohol sobriety and leukocyte or neutrophil counts in our cohort. However, more precise quantitation of alcohol consumption was not available in this retrospective study and might have revealed a relationship to increased neutrophils.
Radiographic liver surface nodularity was associated with increased histologic confirmation of AH. This finding is largely explained by a higher prevalence of advanced fibrosis or cirrhosis among patients with AH compared to those without AH. Liver surface nodularity was highly sensitive for cirrhosis in our population, a characteristic that differs from patients with chronic viral hepatitis. (28) Patients with cirrhosis also have a higher prevalence of cytopenias related to hypersplenism than the general population, (29) and this might explain why a lower threshold for leukocytosis maintained high specificity for AH for patients in our study with liver surface nodularity. Liver surface nodularity was not, however, specific for cirrhosis and was also present in several patients with AH with less advanced hepatic fibrosis. This may be due to extensive sinusoidal collagen deposition in AH causing formation of "pseudonodules." We also cannot exclude the possibility of some misclassification as radiographic liver surface nodularity is a somewhat subjective finding that may be influenced by image quality and radiologist experience.
A secondary aim of this study was to describe the outcomes of patients with a clinical diagnosis of AH but with equivocal or no histologic evidence of necroinflammation. No deaths occurred within the first month among patients without histologic AH. This favorable outcome is consistent with the rapid recovery with alcohol abstinence also reported in case series of patients with alcoholic foamy degeneration or alcoholic fatty liver with jaundice. (22, (30) (31) (32) (33) (34) There is no proven role for corticosteroids in these patients as alcoholic liver injury without AH does not appear to be related to immune system activation. Alcoholic liver injury in patients with alcoholic foamy degeneration may be related to reactive oxygen species-mediated mitochondrial DNA damage. (35, 36) The distinct mechanism leading to bland cholestasis in patients with alcoholic fatty liver with jaundice has not been reported and deserves further investigation.
Management of patients with equivocal histologic findings of AH, i.e., milder lobular inflammation and only focal evidence of hepatocyte ballooning and Mallory-Denk bodies, is challenging. Our predictive model identified over a third of the patients in this subset as having AH. All the patients in the group met the minimum diagnostic criteria for biopsy-proven AH used in recent clinical trials (37, 38) and cohort studies. (7, 12) In our study, patients with equivocal AH had disease severity scores and transplant-free survival similar to those of patients with unequivocal AH, but a smaller proportion of patients in the former group received treatment with corticosteroids. It is possible that patients with equivocal histologic findings but meeting clinical criteria for severe AH have other causes of acute-on-chronic liver injury, such as bland alcohol-induced cholestasis or unrecognized infections superimposed on mild AH. Whether this subset of patients benefits from treatment with corticosteroids or other anti-inflammatory therapies remains unproven. We suggest that future therapeutic studies consider stratifying patients with biopsy-proven AH into those with unequivocal versus equivocal histology in order to address this important question.
We confirmed the prognostic capability of laboratorybased AH severity scores, including Maddrey's DF and MELD, ABIC, and GAH scores, but not the histologybased AHHS. (12) Exclusion of megamitochondria (seen infrequently in obtained specimens) from our AHHS calculations limited the score's observed range in patients and may have led to systematic bias toward the null in the observed associations between AHHS and mortality. However, we also failed to find any prognostic associations for the other individual histologic components of the AHHS. On the other hand, we found a strong association between mortality risk and histologic evidence of low-grade steatosis. A similar association was reported in a French cohort of patients with severe AH who were treated with prednisolone. (39) In that report, the 1-year survival rate was 31% for patients with steatosis <20% compared to 85% among patients with steatosis 20%. (39) The authors hypothesized that low-grade steatosis may indicate more advanced fibrosis with gradual disappearance of steatosis as is seen in late stages of nonalcoholic steatohepatitis. (40) In our study, a less conservative threshold of steatosis <50% had prognostic value whereas the degree of portal fibrosis was not independently predictive of short-or long-term mortality. Beyond the inverse correlation that exists between the degree of steatosis and the degree of portal fibrosis, lowgrade steatosis may represent a phenotype of acute-onchronic liver injury among alcoholics that is more severe or refractory to treatment.
We were unable to develop a model that reliably excluded AH without liver biopsy. This may have been in part due to the relatively small number of patients without AH in our study and is worthy of future study. Another limitation was that our definitions for the diagnostic groups relied on subjective histologic scores with suboptimal intraobserver and interobserver agreement. This limitation is best illustrated by the patient diagnosed with AH during hospitalization and predicted to have AH based on our model but whose biopsy specimen was underscored with regard to Mallory-Denk bodies. Underscoring resulted in the patient being incorrectly classified as having no AH and reduced the observed specificity of our model from 100% to 86% in the validation cohort. The reproducibility of our histologic scores might have been improved with use of a training protocol (12) or specialized immunohistochemical stains. (5) Use of cytokeratin (CAM 5.2) stain aided detection of Mallory-Denk bodies in our digital morphometrics analysis and has been reported to improve detection of hepatocyte ballooning. (5) Finally, sampling error with liver biopsy may have led to underestimation of AH features in patients who we classified as having equivocal or no AH. Studies of paired liver biopsies among patients with nonalcoholic steatohepatitis showed that there is substantial sampling variability for features of necroinflammation, including hepatocyte ballooning, lobular inflammation, and Mallory-Denk bodies. (41, 42) It is unlikely that such misclassification was prevalent in our population, as had it been, we would expect to have seen worse survival among untreated patients without AH.
In summary, the combination of an elevated leukocyte count and a nodular liver surface in the absence of active infection retrospectively identified patients with a high likelihood of histologic AH for whom liver biopsy may not be necessary. For patients with suspected severe AH who do not fulfill these criteria, liver biopsy is important to exclude other variants of alcoholic liver disease.
